Introduction
Nasopharyngeal angiofibroma (formerly juvenile nasopharyngeal angiofibroma) is a rare (<1% of head and neck tumors) benign mesenchymal neoplasm composed of a vascular proliferation within a cellular, densely collagenized stroma, typically originating in the nasopharynx, affecting adolescent males [1] . Most of the tumors arise in the superior part of the sphenopalatine foramen and affect the posterolateral nasal wall of the nasopharynx; however, the tumors often show extension into the surrounding tissues [2] .
Microscopically, the vascular component consists of variable sized and shaped vessels, ranging from small rounded or slit-like to larger staghorn, branching or irregular vascular channels. Endothelial cells are mainly flat, but plump endothelial cells can also be observed [3] . Vessel walls vary from a thin pericyte layer around the vessel to a thick smooth muscle layer. Peripheral regions show abundant microvascular proliferation [4] . The stroma varies from highly cellular, collagenized areas to less cellular regions with a fibromyxoid background. Stromal cells vary from spindle, angular to plump stellate shaped fibroblasts [5, 6] with central round vesicular nuclei and small nucleoli. Stromal cells show intense positivity for vimentin [4, 7] . Mast cells are abundant, and areas of thrombosis and infarction may represent findings related to pre-operative embolization. Inflammation varies from acute to chronic [4] most often in a subepithelial location, and most likely not tumorrelated. Recent studies have shown expression of stem-cell Abstract Nasopharyngeal angiofibroma is a benign but aggressive tumor of unknown etiology, typically occurring in adolescent males. It is described as a rare neoplasm; however, the prevalence seems to have geographic differences. All cases referred to our head and neck clinical and pathology service were reviewed. Most of the patients presented at an advanced stage. The clinical and radiographic features are presented and discussed. Histologically, the tumor shows a highly vascular fibrous proliferation with characteristic plump, angulated and stellate cells, categorized as fibroblasts. Immunohistochemistry was performed on 42 cases to further elucidate the nature of these cells. The stromal cells expressed vimentin and factor XIIIa, the latter expressed most commonly in the giant stellate cells. Inflammation was almost exclusively present in peripheral subepithelial areas. Mast cells were abundant, even in the absence of other inflammatory cells. Lymphatics were observed principally in peripheral regions. Proliferating cells (Ki-67 reactive) were restricted to endothelial cells. related proteins including c-kit and c-myc suggesting that both contribute to the development of NAF. Chromosomal imbalances have also been demonstrated in both endothelial and stromal cells [8, 9] . Furthermore, there is immunohistochemical expression of androgen, testosterone, dihydrotestosterone receptors and basic fibroblast growth factor, while estrogen and progesterone receptors are usually negative [10] [11] [12] . There is no evidence for Human Herpes Virus type VIII and Epstein-Barr virus as etiological factors [13] . The objective of this study is to describe the clinicopathological features of 42 cases of NAF, further highlighting stromal immunohistochemical findings.
Materials and Methods
Forty-two cases of NAF were retrieved from the Pathology Department at Centro Clínico de Cabeza y Cuello, in Guatemala City. Clinical information included sex, age, affected site, size, and clinical symptoms at presentation, along with management. Immunohistochemistry (Table 1) was performed using standard protocols, and immunoexpression were analyzed in the endothelial cells, vessel walls and stromal cells.
Results
All 42 patients were males, with a mean age of 14.7 years, ranging from 8 to 27 years; age was unknown in 3 patients ( Table 2 ). The tumors originated in the nasopharynx, frequently extending anteriorly into the nasal cavity and oropharynx, with 9 cases also involving the soft palate. All patients presented with nasal obstruction and 73% with epistaxis, often for a long duration (12-24 months) prior to seeking clinical evaluation. Facial deformity can be a characteristic in some cases (Fig. 1) . Despite the tumor being well defined (Fig. 2) , severe hemorrhage at the time of surgery occurred in all cases, even with prior placement of unilateral or bilateral coils in the internal maxillary artery. Tumors did not recur, after a follow period ranging from 6 months to 10 years, except for 3 cases in which complete resection was not achieved at other institutions, with consequent persistence during puberty. None of the NAF cases were associated with familial adenomatous polyposis.
Macroscopically, the tumors often conformed to the anatomic structures around, expanding into the adjacent anatomic structures (Fig. 3) . The tissue was firm to elastic in consistency, varying from yellow-brown to deep red-black depending on the amount of intraoperative hemorrhage. Microscopically all cases presented typical features of NAF, showing endothelial lined vascular spaces, often supported by a prominent smooth muscle wall. The diameter of the vascular spaces was variable, ranging from small and slit-like to large, staghorn and patulous (Fig. 4a) . In more cellular areas, the vessels appeared compressed and not readily identified (Fig. 4b) . Near the surface, mainly in ulcerated areas or surrounding thrombosed vessels, focal areas of chronic inflammation were evident. The fibrous stroma varied from loose and myxoid below the surface respiratory epithelium to a more collagenized, highly cellular stroma in central areas. were found in all of the cases, even in the absence of other inflammatory cells.
Immunohistochemical Findings
Endothelial cells were highlighted with CD34 and CD31 (Fig. 5a, b ). Smaller and less common lymphatics were accentuated with D2-40 in the subepithelial peripheral regions (Fig. 5c, d ). Smooth muscle actin (SMA) and specific muscle actin (HHF-35) highlighted the muscular wall of the vessels, sometimes limited to a very thin layer. H-caldesmon reactivity was restricted to the external layer of large vessels, and was weaker than SMA expression, while desmin was focally positive in the external wall of the vessels (Fig. 6a-d) . SMA was negative in the stromal cells. Stromal cells were strongly positive for vimentin (Fig. 7a) . Large stellate cells were common in the hypercellular areas and positive for factor XIIIa (Fig. 7b) . CD68 (PGM1) and CD163 positive cells were located mainly in subepithelial regions, but negative in the stromal tumoral cells. Mast cells were abundant and highlighted by both anti-Mast Cell Tryptase and toluidine blue (Fig. 7c, d ). Ki-67 was expressed almost exclusively in only endothelial cells (Fig. 8a, b) .
Discussion
In the literature, NAF has been described as a relatively rare neoplasm accounting for <1% of head and neck tumors [14] . Further, the association of NAF with familial adenomatous polyposis, in which the prevalence of NAF is 25 times more common than in age-matched controls [15] , has not been confirmed in this case series. We consider that NAF occurs exclusively in males, and previous reports in females probably do not represent this tumor, or at least, documentation is not convincing [16] [17] [18] [19] . In 1965, Apostol and Frazell [20] reported 40 cases of NAF in male patients, and suggested that if this diagnosis is confirmed in a female, sex chromosome studies must be performed, to investigate for androgen insensitivity syndrome (formerly testicular feminization) of a phenotypic female but genetic male [18, 20] .
As the disease presents around the onset of puberty, it may be related to increased circulating hormones, with the androgen, testosterone and dihydrotestosterone receptors in the tumor cells likely playing a role in pathogenesis. Patients treated with antiandrogenic medications, principally Flutamide, experienced significant side effects including gynecomastia and other feminization features [21] , and given the usual association with The age of the patients in this series ranged from 8 to 27 years, with a mean of 14.7 years, slightly younger than the reported average (17 years) [1] . According to the literature, the diagnosis of NAF is uncommon over the age of 25, and we had only 1 patient 27 years old. Even though the term "juvenile" has been removed by the WHO classification, it is important to remember that this disorder does show a marked predilection for pediatric and adolescent males. The most common clinical complaints are epistaxis and persistent nasal obstruction, often starting as unilateral obstruction that progresses to complete nasal obstruction in more advanced cases. In contrast to cases from Europe and North America [23, 24] , many of the cases in this clinical series showed a more rapid growth and clinical aggressiveness that resulted in facial deformity and asymmetry (Fig. 1) . While epistaxis is a more likely symptom that results in seeking earlier clinical attention, the overall average symptoms for our patients and for those reported in the literature is similar. Thus, late diagnosis due to delayed clinical attention is not a likely scenario. Thus, with tumor growth, expansion into the adjacent structures will yield the clinical findings or a more advanced tumor. All tumors were nonencapsulated, characteristically filling the sinonasal and nasopharyngeal spaces, resulting in secondary bone resorption due to compression, leading to cortical bone destruction allowing the tumor to grow into surrounding soft tissues with pushing borders (Figs. 2, 3) . Thus, by inference, tumors that reach such a large size clinically, are much more likely to be associated with significant morbidity.
In spite of the reported postpubertal regression or spontaneous involution, the severe symptoms of epistaxis and upper airway obstruction requires prompt and complete surgical treatment with very close clinical follow-up rather than delayed therapy or watchful waiting. Malignant transformation is rare, usually linked to previous radiation therapy, representing post-irradiation sarcomas [25] [26] [27] ; no malignant transformation was found in this series.
In Guatemala, it is interesting to note that this condition nearly exclusively affected male patients of low socioeconomic level, with only a single patient from a middle-class family. However, approximately 59% of Guatemalans live below the poverty line [28] . Chronic malnutrition is seen in approximately 50%, the highest in Latin America [29] , and disproportionately affects indigenous people, where it reaches nearly 70%. The indigenous population represents about 50% of the overall Guatemalan population. This potential socioeconomic and ethnic relationship needs to be further investigated in other countries with a high percentage of their population living in poor socioeconomic conditions or with indigenous populations. In support, similar clinical aggressiveness has recently been reported in poor patients from India, supporting this observation [30, 31] .
Preoperative diagnosis must be established on the basis of clinical symptoms and imaging studies (CT/ MRI), including the use of contrast. Any biopsy is contraindicated as uncontrollable hemorrhage may occur. In our patients, severe intraoperative bleeding was the rule, leading to potential lethal complications. While presurgical embolization is recommended, optimal embolization was not employed due to economic constraints with Guatemala. Instead, fibered platinum coils are placed in the internal maxillary artery in order to mechanically decrease the blood flow and reduce bleeding at the time of surgery, although often to limited avail.
Some authors described tumor spindle cells co-expressing vimentin and SMA [4, 7] , but in our cases, this feature was not observed. The stromal cells in all of our cases were positive for vimentin but negative for SMA, HHF-35 and calponin, thus suggesting a fibroblastic origin.
In our study, the proliferation marker Ki-67 was practically restricted to endothelial cells indicating that cell proliferation occurs predominantly in the vascular endothelial cells, a feature uncommon in other benign vascular tumors with normal-appearing endothelium (i.e., lacking pleomorphism; in angiosarcoma the endothelial cells are in proliferation but are highly atypical). This finding must be confirmed in NAF diagnosed in other geographic regions, as it may be related to the more aggressive clinical behavior in our patients. Other studies suggest that uncontrolled vascular proliferation is the hallmark for NAF [32] , but the stromal cells also play a role [8, 9] , while participation of mast cells also needs further understanding.
All cases showed factor XIIIa expression in the giant stellate fibroblast-like stromal cells. Entities composed of a fibrovascular proliferation with giant plump stellate cells including cutaneous angiofibroma, acquired digital fibrokeratoma and fibrotic lesions as oral fibrous hyperplasia also express factor XIIIa in these plump stellate stromal cells. This factor has been identified in macrophages and dermal dendritic cells suggesting a fibro-histiocytic lineage for this fibroblast-like cell. However, in this series, these cells were negative for CD68 and CD163. It has been Fig. 8 Immunohistochemical expression of Ki-67. a, b Proliferating cells expressing Ki-67 restricted to endothelium of blood vessels (Ki-67, ×400 and ×200). Note lack of Ki-67 expression in stromal cells (×200) 1 3 hypothesized that its activity may be as a growth factor for fibroblasts in lesions with a prominent fibrotic component [33, 34] .
Conclusions
Based on the 42 cases of NAF presented, it is postulated that there is a difference in biologic behavior of NAF probably due to geographic region and socioeconomic status of the affected patients. This observation needs to be further evaluated comparing this data with other large series of NAF from different geographic parts of the world. The role of mast cells in the pathogenesis of NAF needs to be better clarified¸ possibly related to vascular proliferation. Immunohistochemical studies suggest the stromal tumoral cells are not myofibroblasts, but are fibroblasts instead. The high Ki-67 expression in endothelial cells suggests that the vascular component may be responsible for the aggressive growth observed in our patients. Depending on the type of resection, persistence rather than recurrences is likely to account for disease presentation after initial surgery. It is recommended that even though age, grade, and site terminology is eschewed by the WHO, perhaps the unique characteristics of this tumor justify the use of the term nasopharyngeal juvenile angiofibroma.
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